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nucleus, where most genetic improvement occurs, is at the top of the pyramid and represents the smallest
percentage of total animals in the pyramid. The second tier is called the multiplication level and is where the
improvement occurring at the nucleus herd is multiplied or produced in mass. Some genetic improvement can
still occur at the multiplication level of the genetic pyramid and this tier generally represents approximately 10
to 15% of the animals in the pyramid. Finally, the third and bottom tier of the genetic pyramid is represented
by the commercial level of production. This level of the pyramid represents the largest portion of the system.
The genetic improvement occurring in the system is targeted to generate improved production and hence
profitability at the commercial level. Genetic lag is the time required for genetic merit or improvement to pass
from its source (in this example the nucleus through the multiplication level) to the commercial level of
production and it is usually measured in years. 1 Genetic lag is driven by the generation interval (the average
age of parents when their offspring are selected to replace them in the nucleus and multiplication levels of
production.
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Introduction 
The production system commonly used in the swine 
industry involves a three-tiered genetic pyramid. The 
nucleus, where most genetic improvement occurs, is 
at the top of the pyramid and represents the smallest 
percentage of total animals in the pyramid. The second 
tier is called the multiplication level and is where the 
improvement occurring at the nucleus herd is multiplied 
or produced in mass. Some genetic improvement can 
still occur at the multiplication level of the genetic pyra-
mid and this tier generally represents approximately 10 
to 15% of the animals in the pyramid. Finally, the third 
and bottom tier of the genetic pyramid is represented 
by the commercial level of production. This level of the 
pyramid represents the largest portion of the system. The 
genetic improvement occurring in the system is targeted 
to generate improved production and hence profitability 
at the commercial level. Genetic lag is the time required 
for genetic merit or improvement to pass from its source 
(in this example the nucleus through the multiplication 
level) to the commercial level of production and it is 
usually measured in years. 1 Genetic lag is driven by the 
generation interval (the average age of parents when their 
offspring are selected to replace them in the nucleus and 
multiplication levels of production. 2•3 
While reducing the generation interval is desirable at 
the nucleus level of production in order to increase the 
rate of genetic progress, reducing generation interval at 
the commercial level of production results in unneces-
sarily high replacement rates and reduced profitabiliry. 
A sow should not be voluntarily culled before she has 
"paid" for herself, typically around the third or fourth 
parity·5 If replacement occurs in the early parities, it 
is likely that relatively little genetic progress has been 
made in the production system and hence the animal 
culled and the new replacement are likely to have simi-
lar genetic merit for economically important produc-
tion traits. The objective of this study was to determine 
the value of the genetic loss associated with retaining 
sows in a commercial herd for additional parities. 
Materials and methods 
An Excel spreadsheet was developed to determine the 
optimal parity for a sow to be replaced in the breeding 
herd taking into consideration generation interval of 
the seedstock supplier as well as the genetic progress for 
economically important maternal traits. The spread-
sheet involved four economically important swine traits 
including: 1. Number of piglets born alive (NBA), 2. 
21-day litter weight (W2 l), 3. Daysto 113kg (D 113), 
and 4. Backfat (BFlO). In the present analysis, genetic 
improvement for backfat is assumed to be zero as the 
current generic trends indicate no genetic improve-
ment is occurring in maternal lines for this trait. 6 This 
implies that the maternal lines are at or very near the 
desired backfat levels and no improvement in this trait 
is needed in the maternal lines. 
Age of sows 
The age at first breeding for replacement gilts was as-
sumed to be approximately 7.5 months (225 days) or 
by the time she would have likely reached the second 
estrus and first farrowing would occur at 12 months 
of age.7 The age of sows at subsequent parities was 
calculated by first dividing a year (365 days) by the lit-
ters per female per year to arrive at the number of days 
between parities (farrowing interval). The average litters 
per female per year for the present analysis was assumed 
to be 2.25.8 This quotient was added to the age at first 
breeding to determine the age at parity 2 and then 
added again ro determine the sow's age at parity three 
and so forth until the age at parity 15 (the maximum 
parity evaluated in this study) was reached. The sow's 
generation interval age at each parity was calculated as 
follows: Age at each parity I Generation Interval. Table 
1 shows the sow's age in generation interval units by 
parity using 4 different generation interval values. For 
example, a sow at parity 3 (1.44 years of age) would be 
1.26 generations old in a herd where the generation in-
terval of the seedstock supplier is 1.5 years. 
Americ1m Associ11tion of Swine V'eterin11ri1ms 219 
2010 AASV Anmu1l Meeting: lmple111entiug Knowledge 
Table 1: Age of sows by each parity (in genera-
tion units) from a study evaluatin~ the genetic 
lag affect on gilt replacement decisions in com-
mercial sow oreeding herds1 
Parity 
2 
4 
6 
8 
10 
12 
14 
Ageat 
farrowing 
1.44 
2.33 
3.22 
4.11 
5.00 
5.89 
6.78 
Age in generation 
units 
0.96 
1.56 
2.15 
2.74 
3.33 
3.93 
4.52 
1 Assumed 2.25 litters/year, and age at first farrowing - 1 
year, generation interval 1.5 years. 
2 The age in terms of generation units is determined by 
dividing the age of the sow in years by the generation · 
interval. 
Generation interval 
The generation interval for the seedstock supplier was 
used to determine the generic improvement made after 
each parity. Genetic lag of the commercial breeding 
herd associated with maintaining sows in the herd for 
additional parities was calculated using a 1.5 year gen-
eration interval for the seedstock suppliers. 
In this study, the sow's age at each parity and the aver-
age sow age in a given herd parity structure was calcu-
lated in generation interval units. In cum these values 
were used to determine the genetic lag for each of the 
4 traits involved in the maternal line index (recall that 
backfat is being ignored) associated with each parity 
structure. The average culling race at each parity of 
18.8% was used to determine the parity distributions. 
This is the equivalent of an annual culling rate of 
42.3%.8·9 
Genetic lag 
The genetic lag was calculated for each parity and par-
ity distribution. The generic lag associated with each 
parity is shown in Table 2. The generic lag was deter-
mined by multiplying the assumed genetic improve-
ment per generation by the sow's age in generation 
units at each parity. The lag for W2 l and D 113 are 
the same since the genetic improvement for both traits 
was assumed to be the same except for their units, ki-
lograms, and days, respectively. For example, in a herd 
with a generation interval of 1.5 years, keeping a sow 
until P3 would result in a generic lag of 0.38 NBA, 
1.71 kg ofW21, and 3.780113. 
Economics 
To determine the economic value of rhe genetic lag, 
it was assumed that a maternal line genetic index was 
utilized and included NBA, W21, and 0113 as the 
economically important traits under selection as previ-
ously described for chis maternal line example (backfat 
was excluded from the calculation as previously de-
scribed). The genetic gain was given economic value by 
multiplying the assumed genetic improvement by the 
economic value associated with the traits of interest. 
The economic values associated with each trait were 
obtained from Swine Testing and Genetic Evaluation 
System (STAGES). 6 The economic values given for 
each trait were $22 per pig born alive, $1.54 per kg of 
21-day litter weight, and $0.17 per day to market. 
The value of the genetic gain or genetic improvement is 
the aggregate genetic improvement that occurs per gen-
eration for the traits under selection for a given breed 
or line of swine. The genetic improvement per genera-
tion for the three remaining traits where improvement 
is desired in the maternal lines was assumed to be 
0.3 piglets increase for NBA, 1.36 kg increased litter 
weight for W2 l, and 3 fewer days to l l 3kg for 0113. 
The genetic improvement per generation was used to 
determine how much value the genetic lag has that is 
associated with keeping a sow in the herd for additional 
parities when compared to the opportunity to replace 
an older sow with a replacement gilt. 
Value of genetic loss 
To estimate the average value of genetic lag (in dollars) 
per sow in the herd at each parity the generic lag for 
each of the three traits involved in the study (NBA, 
W21, and Dl 13) was multiplied by the economic value 
associated with each trait and then these three values 
were summed together. 
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Table 2: Genetic lag by parity for number born alive (NBA), 21 day litter weight (W21 ),and days to 
113kg (0113) in a study evaluating the genetic lag effect on gilt replacement decisions in commercial 
sow breeding herds1 
Parity NBA W21 0113 
1 0.202 
2 0.29 1.31 2.89 
3 0038 
4 0.47 2.12 4.67 
5 0.56 
6 0.64 2.92 
7 0.73 
8 0.82 3.73 8.22 
9 0.91 
10 1.00 4.53 10.00 
11 1.09 
12 1.18 5.34 11.78 
13 1;27 
14 1.36 6.15 13.56 
15 l.44 
1 Genetic improvement per generation assumed: 0.3 pigs born alive, 1.36 kg of W2, and 3.0 days to market. Backfat was not 
included in this evaluation because most maternal lines are at or near their desired phenotypic backfat level and hence, 
little or no genetic change for backfat is occurring in most maternal lines. Generation interval assumed: 1.5 years 
2 Genetic lag per parity was determined by multiplying the age of the sow in generation units by the genetic improvement 
made per generation. 
Results and discussion 
This study examined the value of the genetic lag associ-
ated with retaining sows in the commercial breeding 
herd for additional parities. The findings support that it 
is not profitable to replace sows in the breeding herd at 
rates currently employed if the goal is solely to replace 
sows in order to keep up with genetic improvement 
that is occurring at the nucleus and multiplication lev-
els of the genetic system used by the genetic supplier. 
When considering the replacement costs of gilts and 
associated gilt development costs (feed, facilities, breed-
ing, veterinary expense, etc.) and the higher production 
from sows, sows should not be culled before they reach 
a positive net present value or, in more lay terms, they 
have paid for themselves.4 The optimal culling parity is 
when the value of the genetic improvement made in the 
gilt population exceeds the variable costs of developing 
the replacement gilt. In the present study, it is likely 
that the optimal maximum parity is approximately par-
ity 7 or greater depending on the specific development 
costs and the genetic progress that an individual com-
mercial pork producer experiences. These results are in 
general agreement with Dhuyvetter who reported the 
optimal removal parity of a sow to be 8 or 9 based on 
the replacement cost of the gilt. 10 However, Rodriguez-
Zas et al. (2006) reported that the optimal sow removal 
parity was 4 or 5 which is lower than the results in the 
present study. Both of the previously reported studies 
considered the genetic improvement effects when deter-
mining optimal culling parity. 11 
Previous literature cost estimates associated with replac-
ing a sow with a gilt include initial cost ($200), breeding 
cost ($15.00), and housing and feed for isolation and 
acclimation of gilts ($35.56).4· 5 When sows are retained 
for additional parities, the cost of developing gilts can 
be spread over larger numbers of pigs produced, thereby 
reducing the cost to produce a market hog. 
The economic value of the genetic gain would not even 
cover the feed cost ($28.06) associated with developing a 
gilt.4 The purchase price of a replacement gilt is typically 
more than the market price for the sow it is replacing, 
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Table 3:Value of the difference in genetic po-
tential between sows in the herd and a potential 
replacement gilt by parity and economic value1 
Economic values assumed 
Parity $22.00, $1.54, 
$0.172 
2 $16.50 
4 $36.32 
6 $61.33 
8 $90.20 
10 $122.29 
12 $157.56 
14 $196.64 
$11.00, $0.77, 
$0.09 
$4.25 
$9.42 
$15.96 
$23.53 
$31.94 
$41.21 
$51.47 
1 Generation interval assumed: 1.5 years, Genetic 
Improvement per generation assumed: 0.3 pigs born 
alive, 1.36 kg ofW21, and 3.0 0113. Backfat was not 
included in this evaluation because most maternal 
lines are at or near their desired phenotypic backfat 
level and hence, little or no genetic change for backfat 
is occurring in most maternal lines. 
2 Economic value per pig born alive, per kg of 21 day 
litter weight, and per day to market. 
3 Establishing the total value of the genetic difference 
between a sow at a given parity with a replacement 
gilt at any time (t0) is a function of the rate of improve-
ment for the economically important traits for which 
the line is selected upon, the amount of time that has 
passed between the culling of the sow (tc), and the 
economic value placed on those traits. 
and as reported by Moeller et al. only 80% of the gilts 
that entered the NPPC Maternal Line National Genet-
ic Evaluation Program farrowed. 12 Hughes and Varley, 
in their review of 12 studies, reported that only 20% of 
females reached an age in which culling decisions need 
to be made due to premature culling. 13 This would 
mean that the number of gilts being developed must be 
greater than the number of sows being taken out of the 
breeding herd. This must be considered for proper gilt 
pool management. 1 Additionally, the cost of develop-
ing gilts that never enter the breeding herd has to be 
recovered by the remaining gilts that enter the breeding 
herd and produce for some number of parities. Finally, 
if a sow is replaced with a gilt before sufficient time has 
passed for the genetic supplier to make genetic progress, 
then the replacement gilt will have essentially the same 
aggregate genetic value or be from the same generation 
as the sow she is replacing. 
When determining whether or not to replace a sow 
with a gilt, producers must consider the value of a cull 
sow. Cull sow values, particularly for lighter weight 
sows, are generally not as high as the value of market 
hogs. Increasing the body condition score of the sow 
will improve her cull sow value. 14 This implies that it 
may be advantageous to retain sows in the herd for 
additional parities in order to increase their cull sow 
value. Sows become heavier with increasing parities up 
to at least P4. 12·15 Larger more highly conditioned sows 
generally sell for greater economic values when used in 
the sausage processing industry. 
Table 3 shows the value of the difference in genetic 
potential between sows in the herd and a potential re-
placement gilt by parity and economic value with an 
assumed 1.5 generation interval at the seedstock sup-
plier level. Based on the data in Table 3, it can be rec-
ommended that sows should not be voluntarily culled 
when the average value of the genetic loss of the sows 
in the herd is not sufficient to justify the purchase/de-
velopment of a new gilt. Sows should be allowed to stay 
in the breeding herd as long as they are still producing 
satisfactorily based on number born alive and growth 
rate of the pigs. 
The differences in production by parity must be con-
sidered when making culling decisions. Not only are 
there improvements of NBA and W2 l with increasing 
parity, progeny from P2 versus Pl females have higher 
average daily gain. 16 Furthermore, it has been reported 
that progeny from P3 females have higher immuno-
globulin levels than progeny from Pl females. 16 
The economic value of the genetic lag associated with 
retaining a sow for additional parities that were pre-
sented in the results represent the upper limits with 
respect to the amount of genetic progress one would 
expect to make in a swine breeding program. Hence, 
the values used for the genetic gain per generation are 
the very highest one could expect to occur. However, 
when assigning values to compare making replacement 
decisions based on the amount of genetic gain using the 
extreme values is justified in order to compare differ-
ences assuming the very best improvement occurs at the 
seedstock level. 
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In the NPPC Maternal Line National Genetic Evalua-
tion the maternal line progeny clearly have lower pro-
ductive performance. The highest performing maternal 
line had the lowest performing terminal progeny. 12·17 
This would imply that females selected for maternal 
qualities alone such as NBA would have slower growing 
pigs, thus increasing the D 113. 
It is imperative that commercial swine producers con-
sider the fact that just because a gilt has a greater genet-
ic potential than the current sow in the breeding herd, 
it does not mean that the sow should be removed from 
the herd. Furthermore, producers must remember they 
will gain the genetic improvement immediately when 
a replacement gilt is entered into the breeding herd ro 
replace an "old" sow regardless of the number of pari-
ties that sow is retained in the breeding herd. The sow 
must be maintained in the herd for a period of time so 
that she continues to produce at a profitable level in the 
operation for as long as possible. 
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